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[1] The Tropospheric Emission Spectrometer (TES) is
unique in providing multi-year coincident tropospheric
profiles of CO, O3 and H2O. TES data show large
differences in these gases over Indonesia and the eastern
Indian Ocean in October–December 2006 relative to 2005.
In 2006, O3 was higher by 15–30 ppb (30–75%) while CO
was higher by >80 ppb in October and November, and by
�25 ppb in December. These differences were caused by
high fire emissions from Indonesia in 2006 associated with
the lowest rainfall since 1997, reduced convection during
the moderate El Niño, and reduced photochemical loss
because of lower H2O. The persistence of the O3 difference
into December is consistent with higher NOx emissions
from lightning in 2006. TES CO and O3 enhancements in
2006 were larger than those observed during the weak El
Niño of 2004. Citation: Logan, J. A., I. Megretskaia, R.

Nassar, L. T. Murray, L. Zhang, K. W. Bowman, H. M. Worden,

and M. Luo (2008), Effects of the 2006 El Niño on tropospheric

composition as revealed by data from the Tropospheric Emission

Spectrometer (TES), Geophys. Res. Lett., 35, L03816,

doi:10.1029/2007GL031698.

1. Introduction

[2] El Niño Southern Oscillation (ENSO) is the most
important mode of interannual variability in the tropical
atmosphere, and has a strong influence on the distribution of
tropospheric O3 in the tropics. During an El Niño event, the
normally warm waters and associated convection over the
western Pacific and maritime continent move towards
the eastern Pacific. As a result of the changes in large scale
circulation and convection, O3 increases over the maritime
continent and decreases over the central Pacific [e.g.,
Ziemke and Chandra, 2003]. The intense El Niño in late
1997 and the associated drought led to major forest fires in
Indonesia, with increases in the tropospheric column of O3

(TCO) of 40–75% in the region [Chandra et al., 1998; Kita
et al., 2000; Thompson et al., 2001]. Model studies showed
that about half of the increase in O3 was caused by changes
in dynamics and the remainder by emissions of O3 precur-

sors from the fires [Sudo and Takahashi, 2001; Chandra et
al., 2002].
[3] Chandra et al. [2007] reported on the effects of the

weak El Niño in late 2004 on tropospheric O3 and H2O.
They derived data for the TCO from the Ozone Monitoring
Instrument (OMI) and the Microwave Limb Sounder (MLS)
on board the Aura satellite, and used MLS data for H2O at
215 hPa. They found that the TCO increased by 10–20%
over the maritime continent and decreased by a similar
amount over the eastern Pacific, while H2O showed similar
changes of opposite sign.
[4] There was a moderate El Niño in late 2006. Sea

surface temperature anomalies in the Niño 3.4 region
exceeding 0.5�C for 3-month running means during 5
consecutive seasons are considered warm events (El Niño
conditions). Anomalies were 0.9�, 1.1�, and 1.1� for the last
three months of 2006, compared to 0.9�, 0.9�, and 0.8� for
these months in 2004 (www.cpc.noaa.gov/products/
analysis_monitoring/ensostuff/ensoyears.shtml). Conditions
were neutral in 2005.
[5] There were large fires in Indonesia between August

and November of 2006 with estimated emissions of 82 Tg
CO, much higher than emissions during the same months in
2004 and 2005, 24 Tg and 14 Tg CO respectively, but much
lower than emissions from the fires in 1997, 193 Tg CO
[van der Werf et al. , 2006] (http://ess1.ess.uci.
edu/~jranders).
[6] We report here on the significant perturbations to O3,

CO, and H2O from the 2006 Indonesian fires as seen by the
Tropospheric Emission Spectrometer (TES), and compare to
observations from 2005 as a neutral year; we refer to the
differences for 2006–2005 as anomalies. TES provides
coincident, vertically resolved, tropospheric profiles for
these species. The O3 profiles have vertical resolution of
�6 km, allowing a new perspective on the ENSO pertur-
bation to O3. We also compare the effects of the 2006 El
Niño with those of the 2004 event.

2. Observations

[7] TES is a Fourier transform IR emission spectrometer
[Beer et al., 2001]. It was launched on the Aura satellite in
July 2004 in a sun-synchronous polar orbit with an equator
crossing time of �13:45. We use data from global surveys
(GS) which consist of 16 orbits over 26 h; a new GS starts
every other day. The nadir vertical profiles are spaced 1.6�
apart along the orbit track and have a footprint of 5� 8 km2.
[8] TES retrievals are described by Bowman et al. [2006],

Clough et al. [2006], and Kulawik et al. [2006]. The O3 and
CO prior information is derived from a simulation with the
MOZART model [Brasseur et al., 1998]; the prior profiles
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